Background. In essential hypertension, a blunted or absent nocturnal fall in blood pressure (BP) 
T he main prognostic determinants in essential hypertension are the sphygmomanometric levels of blood pressure (BP), the severity of target organ damage, and the other independent risk factors for atherosclerosis.1-5 At any given level of BP, the risk of cardiovascular morbid events is higher in patients with left ventricular hypertrophy, either electrocardiographic6-8 or echocardiographic,9-12 than in patients without hypertrophy. In cross-sectional studies, ambulatory BP showed a closer relation than did clinic BP with several indirect measures of left ventricular hypertrophy and other organ lesions. [13] [14] [15] [16] However, the hy-pothesis of a definite prognostic superiority of ambulatory over office BP has not yet received full support, possibly because of the recent introduction of ambulatory BP measurements in clinical research and the long time needed to complete long-term prospective studies. In the only wide-scale prospective study published so far, Perloff et al17, 18 showed that the mean levels of ambulatory BP recorded during daytime hours defined subgroups of hypertensive patients not different with respect to clinic BP but sharply differing with respect to the long-term incidence of cardiovascular events. In that study, however, the use of BP recorders requiring manual activation precluded nocturnal BP monitoring.
In this case-control study, we tested the hypothesis that the usual nocturnal fall in BP, a factor that may be associated with less severe target organ damage,19-28 is blunted in hypertensive patients who will experience a first major cardiovascular event over the next few years compared with patients free from events at similar levels of office BP, daytime ambulatory BP, and other independent cardiovascular risk factors.
Methods

Study Setting
The study was performed in three institutions in Umbria, central Italy (Perugia, Citta della Pieve, Castiglione del Lago). These institutions participated in the Progetto Ipertensione Umbria Monitoraggio Ambulatoriale (PIUMA), a registry of morbidity and mortality in patients with essential hypertension whose initial evaluation included 24-hour off-therapy noninvasive ambulatory BP monitoring according to a standardized protocol.
The PIUMIA admission criteria included all of the following: (1) The reading, editing, and analysis of data provided by the recorders were done by the ABP5600, ABP90204, and ABP90209 interfaces (SpaceLabs) installed on an IBM personal computer. Systolic readings >260 or <70 mm Hg, diastolic readings >150 or <40 mm Hg, and pulse pressure readings >150 or <20 mm Hg were automatically discarded. The daytime period was defined as the time interval between 6 AM and 10 PM and the nighttime period as that between 10 PM and 6 AM. The spontaneous day-to-day variability of 24-hour, daytime and nighttime ambulatory BP had been assessed previously in some of these patients. 29 The PIUMA standard initial evaluation also included a detailed medical history, a 12-lead ECG, a funduscopic evaluation, screening laboratory tests (serum urea nitrogen; serum creatinine; serum glucose; serum uric acid; serum cholesterol; serum sodium, potassium, and calcium; and urinalysis), and beginning with October 1987, a routine standard and Doppler echocardiographic study.
The echocardiographic study was performed according to standard procedures described previously.162027 From the formula introduced by Devereux et were available per case subject, two were selected randomly. Two reviewers were involved in the identification of the control subjects. The first reviewer erased from the working copy of the PIUMA computer file all fields concerning ambulatory BP data from 10 PM to 6 AM to make the second reviewer, who performed the matching procedures and selected the control subjects, unaware of the nighttime ambulatory BP of the cases and controls. Telephone interviews were conducted by the second reviewer to ascertain that control subjects were alive and had suffered no cardiovascular events since the basal ambulatory BP study. In none of the control subjects was a cardiovascular event discovered during the interview. All interviews were conducted directly with the patients and were followed by a clinical visit whenever the patients consented. The mean time interval between the initial evaluation and the last contact with our center was 127 weeks (range, 9 to 279 weeks) for the control subjects. .006
Statistical Analysis
8 (8) 9 (6) >.50 3 (7) 11 (8) .0019
Diastolic (%) 9 (8) 14 (8) . 011 11 (7) 12 (7) Compared with control subjects, case subjects had higher levels of systolic BP during the night (P=.043) and a blunted nocturnal reduction of ambulatory systolic (P=.006) and diastolic (P=.011) BP in the overall population. These differences, however, were almost entirely accounted for by women. In fact, both nighttime BP and the percent reduction in ambulatory BP from day to night did not differ between case and control subjects in men. In contrast, compared with the control subjects, the women with future cardiovascular events showed higher mean levels of nocturnal systolic BP (153 vs 139 mm Hg, P=.043) and a markedly blunted reduction in systolic/diastolic BP from day to night (3%18% vs 11%/16%; P=.002/.004). In women, mean nighttime diastolic BP was higher in case than control subjects by an average of 6 mm Hg, but this difference did not achieve statistical significance. Owing to the small number of subjects with available echocardiographic tracings (17 of 32 cases and 37 of 49 controls), the difference between case and control subjects in the nocturnal reduction in BP could not be tested after adjustment for the echocardiographic indexes of left ventricular structure.
The 24-hour ambulatory BP profile of case and control subjects is shown in Fig 1. The individual values of the percent reduction of ambulatory systolic and diastolic BP from day to night in case and control subjects are reported in Fig 2 for men and Fig 3 for women. A large overlap between cases and controls was evident in men, whereas it was of lesser degree in women.
Discussion
Two obvious limitations of this study are its retrospective design and the fact that the limited number of cardiovascular events (32 events) precluded a separate statistical analysis by event. However, this is the first report of an association between a blunted nocturnal reduction of noninvasive ambulatory BP before treatment and future onset of a first major cardiovascular event in subjects with essential hypertension.
Several entry characteristics of the patients who experienced a new fatal or nonfatal cardiovascular event over the subsequent 1 to 5 years did not differ from those of the control patients, with two exceptions: an increased left ventricular mass in both sexes and a persistence of hypertension over the 24 hours, expressed by a blunted reduction of ambulatory blood pressure from day to night, only in women. Echocardiographic left ventricular mass, an independent prognostic determinant,9-12 was not a confounding factor in this study, since it was greater in case than in control subjects both in men and women, whereas the blunted nocturnal reduction of ambulatory BP differentiated case and control subjects only in women. Also, the distribution of antihypertensive drugs taken by patients, another possible confounder, did not differ between case and control subjects of either sex. The mechanisms underlying these results, particularly the difference between the two sexes, cannot be inferred from these findings. The relation between the persis- tence of hypertension over a period of 24 hours and target organ damage is well established: in fact, not only left ventricular hypertrophy '9,20,22-24,27 ,28 but also some cerebrovascular21 and peripheral vascular22,26 lesions are more advanced in hypertensive patients with persistently high BP levels over the 24 hours ("nondippers") than in those with normal nocturnal BP reduction ("dippers"). Since the incidence of future cardiovascular events in hypertension increases with the extent and severity of organ lesions,1-5 a link could be hypothesized between the persistence of high BP levels over the 24 hours, as detected with 24-hour ambulatory BP monitoring, and future cardiovascular morbid events. This would not account for the sex difference found in our study.
Recently, however, it has been noted that, at any given level of daytime BP, echocardiographic left ventricular mass is greater in hypertensive nondippers than in dippers in women but not in men.2728 The loss of a normal diurnal BP rhythm could therefore be a more critical factor in hypertensive women than in men for the development of left ventricular hypertrophy.
Because the nondipping pattern is a feature of only a minority of subjects,25,31 the maintenance of a normal diurnal BP rhythm could be an important basic determinant of the lower prevalence of left ventricular hy- 25 Since all of our patients were white, our conclusions are not applicable to blacks, but it has been reported that nighttime blood pressure39'40 and echocardiographic left ventricular mass3941 are both greater in hypertensive American blacks than in whites. Since the frequency of cardiovascular complications of hypertension has been reported to be higher in blacks than in whites at comparable levels of office BP,42 the association found in this study is consistent with the hypothesis that an altered circadian rhythm of ambulatory BP might be an additional cardiovascular risk marker in hypertensive black women.
Large prospective studies are needed to clarify the independent prognostic value of the duration of hypertension over 24 hours in patients with essential hypertension. These studies might lead to a better stratification of cardiovascular risk by using additional information that only 24-hour ambulatory BP monitoring can provide. The pioneering study by Perloff et al17'18 began in the early 1960s with the use of manual recorders, which precluded nighttime BP monitoring. In a study by Mann et al,43 intra-arterial ambulatory BP, particularly during night and early morning, significantly improved the prediction achieved by office BP of the cardiovascular morbid events occurring over the subsequent 1 to 5 years. The final results of several ongoing studies using automatic BP recorders and 24-hour monitoring"-47 are expected within the next few years.
